Introduction: Stress-induced hyperglycemia (SIH) is commonly observed in critically ill patients and associated with poor clinical outcome for patients. Fenugreek seed powder has long been known as an anti-diabetic drug since its pharmaceutical properties were demonstrated. Materials: The study herein was a parallel, randomized controlled clinical trial consisting of 60 adult patients randomly divided into 2 groups (n=30 per group). The study was conducted in Sabzevar, Iran in April 2015. The intervention group received 3 g of fenugreek seed powder by gavage, twice a day, in addition to routine care. The control group received only routine care. In the beginning, a daily evaluation of fasting and postprandial blood sugar was conducted for 10 days. Secondary components (prevalence of pneumonia; length of intensive care unit (ICU) stay, length of hospital stay, ventilator days, APACHE II score, and mortality rate) were measured until the time of hospital discharge or death. Data were analyzed via SPSS v.20 using Student's t-test (paired and unpaired), chi-square test, repeated measure ANOVA, and Wilcoxon test. Results: In during 10 days of treatment, there was a significant fall in mean glucose levels in 2 groups. However, this improve was more significant in Intervention group in compared to control group (p<0.001). Conclusion: The present study suggests that daily diet with fenugreek seeds can be used as an add-on therapy with other medications in the management of SIH in critically ill patients.
INTRODUCTION
Stress-induced hyperglycemia (SIH) is a protective and transient clinical phenomenon, and a physiological adaptation. SIH is the result of increased sympathetic activity as well as increased release of antiinflammatory hormones and pro-inflammatory cytokines, thereby stimulating gluconeogenesis; it is thought to be a consistent body response [1] [2] [3] [4] . SIH is common in intensive care unit (ICU) patients, is associated with poor prognosis and mortality, and is independent of the patient's diabetes history 3 . In stress-induced hyperglycemia, blood glucose level is randomly checked for 200 mg/dL or higher; hyperglycemia can also occur when the level of in-hospital fasting blood glucose is 126 mg/dL (7 mmol/L) or higher 5 . In these patients, factors that can impact the condition are total parenteral nutrition, dextrose supplementation, surgery, certain medications, insufficient insulin, and increased blood glucose levels 6 . In 2009, the American Association of Clinical
Endocrinologists and American Diabetes Association (AACE/ADA), defined that the appropriate glucose level in critically ill patients should be maintained between 140 and 180 mg/dL (7.8 and 10.0 mmol/L) 7 .
SIH has undesirable effects on other body organs such as the cardiovascular system (acute myocardial infarction, cardiogenic shock and arrhythmia), Neurovascular (polyneuropathy) and immune system (immune system weakness, hospital stay, hospital infections), small and large bowel movements (gastroparesis, constipation or diarrhea), ischemic stroke and delay in wound healing 4, 8, 9 .
SIH may be a sign of impaired glucose tolerance, or insulin resistance and/or diabetes in the future 10, 11 .
Gastroparesis can occur in patients who are prone to hyperglycemia for a long time. It is an important issue in that most cases of gastroparesis are not curable and are usually a chronic condition 12,13 .
Hermanides and colleagues stated in a study that high glucose changes are hazardous, and that high glucose changes with high levels of glucose are associated with the highest mortality rates in the ICU 14 . In a study by Sung et al., patients with elevated blood sugar levels showed higher mortality rates than patients with normal blood sugar levels. In addition, it was found The mechanism of the hypoglycemic effect of FSs is usually associated with the insulin signaling pathway. Fibers available in FSs, such as galactomannan and lignin, induce a decrease in blood glucose levels. Metabolite trigonelline nicotinic acid, saponin and amino acid 4-hydroxyisoleucine in FSs contribute to the anti-diabetic properties of the plant. Hydroxyisoleucine accelerates insulin secretion by pancreatic beta-cells and increases the effects of insulin on different tissues, such as muscle, fat, and liver. FSs inhibit alpha-amylase enzyme and inhibit the digestion and absorption of sugars, including starch in the gastrointestinal tract 20 .
It has been reported that the FSs are effective in lowering blood glucose levels in diabetic patients. Even after being cooked, its medicinal properties are still preserved. Kaur et al. (2016) examined the effect of FSs as an adjunct therapy with metformin in diabetic patients. In their study, Group 1 and group 2 were given 500 mg of metformin twice a day while group 2 received 500 mg metformin along with 1 g of fenugreek thrice a day. After 12 weeks, the results showed a significantly greater reduction in fasting and postprandial blood sugar levels in group 2 than in group 1 18 . Haeri et al. (2012) reported that FS, assisted by 4-hydroxyisoleucine, increases insulin secretion in hyperglycemic conditions and increases sensitivity to insulin and promotes anti-diabetic effects 21 .
Furthermore, Losso et al. (2009) reported that eating baked goods, such as bread, made with fenugreek flour can help reduce insulin resistance in people with type 2 diabetes and ultimately improve carbohydrate metabolism. It has even been reported that the antidiabetic effect of FSs is comparable to the effect of the anti-diabetic drugs glibenclamide and metformin 22 , and is more effective than sitagliptin 20 .
This study evaluated management of glucose during hospital stays to promote better outcomes for the patients. In the present study, the aim was to evaluate the efficacy of FSs as an add-on therapy with insulin on SIH in ICU patients, and to compare the variations in mean glucose and clinical outcomes in those treated with a combination of FSs and insulin versus insulin alone.
METHODS
This parallel, randomized controlled clinical trial was conducted on adult patients admitted to two educational hospitals in Sabzevar, Iran from April 2015 to June 2016. The Institutional Review Board of Sabzevar University approved the study protocol (Code of ethics : IR.MEDSAB.REC.1394.128). Each patient by using random number table was assigned to control or intervention group and the same patient was placed in the opposite group. Each of the two groups (control and intervention) consisted of 30 patients. Conscious consent was obtained from all patients who had inclusion criteria, and all the risks and benefits of the study were explained. All patients received feeding by gavage with a standard solution prepared in the hospital.
At the start of the study, a daily evaluation of fasting and postprandial blood sugar was done for 10 days. According to the consensus statement of the ACE and the ADA, hyperglycemia was confirmed in patients whose serum glucose levels rose higher than 180 mg/dL (10.0 mmol/L) 7 .
The parameters that were measured were: incidence of pneumonia (and frequency), hospital length of stay, length of stay in the ICU, ventilator days, APACHE II score, mortality rate, and time until hospital discharge or death. Student's t-test (paired and unpaired), chisquare test, repeated measure ANOVA, and Wilcoxon test were used to determine the level of significance.
Inclusion criteria
Enteral nutrition order with Nasogastric Tube, age of at least 18, serum glucose level >180 mg/dL.
Exclusion criteria
• Not satisfied to continue study
• History of hypersensitivity to fenugreek seed powder
• Pregnant females
• Bleeding disorders or INR (define INR)>2
• Patient with a history of surgery in the past 2 months
• Death before completing study
The primary outcomes included: Fasting Blood Sugar (FBS) and Postprandial Blood Sugar (PPBS).
The secondary outcomes included: Mortality rate, Ventilator days, Length of ICU stay, Length of hospital stay, APACHE II, and Frequent incidence of Pneumonia.
For enrollment of the 60 patients to the study, 116 patients were examined in terms of the early arrival and departure criteria of the study. During the research, out of 60 patients, 15 patients were excluded from the study on the basis of the departure criteria. Out of these 15 patients, 7 and 8 were placed in the control and intervention groups, respectively. Of the 7 excluded patients in the control group, 3 patients were excluded due to death, and 4 patients were excluded due to dissatisfaction to continue the study. Out of the 8 excluded patients in the intervention group, 4 patients were excluded due to death and 4 patients were excluded due to dissatisfaction.
Intervention
The control group received only insulin injections via an infusion pump based on blood glucose levels and according to the insulin protocol 23 . The intervention group was given 3 g of FS powder mixed in warm soup twice a day, along with other medications, for 10 days. Patients were fed with similar nutrition formula every 3 hours for 24 hours. To achieve a doubleblinded study, the dishes of patients with gastric gavage were given a code. Patients received a syringe (60 cc) without a piston within 10-15 minutes at an altitude of 12 inches above the patient's stomach, and gavage was applied with intermittent manner and under the earth's gravity. After pouring warm soup into the patients' dishes, the researcher added 3 g of FS powder into the dishes of the intervention patients at 12 hours and 18 hours (without the presence of others). Addition of the FSs did not change the color or volume of the soup. The patients were investigated for FBS and PPBS every day for 10 days. The secondary outcomes were monitored until time of discharge or death of the patients. The FSs used in this research were from the geographical area of Sabzevar, Iran. They were washed and dried in the vicinity of free airstream and then turned into powder.
Statistical Analysis
The data on the demographics of the clinical patients are presented in Table 2 . Descriptive statistics using appropriate tests were used for all baseline characteristics. As determined by the data distribution, independent t-test or Mann-Whitney test was used to compare differences in the continuous variables between groups. Chi-square (χ 2 ) test was used for categorical variables. Statistical analysis was done using Student's paired and unpaired t-test. The paired ttest was done to determine the significance within the groups and unpaired t-test was done to determine the significance between the groups. All P-values were two-sided, and significance was set at p<0.05.
RESULTS
There were no significant differences between the 2 groups (intervention and control) in the first admission. The age range of the 60 samples (31 males and 29 females) was 25-65 years. The mean age (p=0.25), mean sex (p=0.120), mean APACHE II score (p=0.65) between the groups was not statistically significant. The mean baseline FBS level of the control group was (162.10±11.17 mg/dL) and for intervention group, it was (164.13± 17.80 mg/dL) ( Table 1) . PPBS levels were measured on the day of admission and then daily for 10 days. There was a significant reduction in mean PPBS levels of both groups. However, reduction in PPBS levels of the intervention group was greater than that of the control group (p<0.001) ( Table 2) . FBS levels were measured on the day of admission then daily for 10 days. There was a significant reduction in mean FBS levels of both groups. However, the reduction in the mean FBS level in the control group was greater than that of the intervention group (intervention group: 164.17±1333.78 vs. control group: 162.11±667.17; p<0.001). An analysis of the mean percentage in FBS levels of both groups at the end of 10 days revealed a greater reduction in the intervention group (p<0.001) ( Table 3) . Secondary outcomes were evaluated too. Wilcoxon test revealed significant differences between the intervention and control groups with respect to prevalence of pneumonia [intervention group: 7 patients (23.3%) vs. control group: 15 patients (50%); P=0.03].
The average of days spent in ICU was significantly shorter in the intervention group than in the control group (intervention group: 14.2±4.7 days vs. control group: 17.6±6.5 days; p=0.028). The length of hospitalization was also significantly shorter in the
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DISCUSSION
Stress-induced hyperglycemia is a metabolic disorder that is characterized by a high level of blood glucose. It is associated with undesirable and adverse clinical outcomes and is independently involved in the prognosis of the patient. In this study, we compared the anti-hyperglycemic effect of fenugreek seed powder as an adjunct to insulin, versus insulin alone, in the treatment of stress-induced hyperglycemia of ICU patients. We observed a significant improvement (p<0.05) in glycemic profile in both groups. However, the regulation of blood sugar was significantly evident in the intervention group as compared to control group (p<0.001). 25 . In all of the above studies, the placebo was given to the control group. In our study, however, we uniquely coded the soup bowls blindly. The highly nutritional, biochemical and pharmaceutical potential of fenugreek seed makes it a unique spice crop. Each 100 g fenugreek seed contains 4.63 g saponin (4.63 g/100 g). Indeed, saponin plays a key role in controlling blood glucose. It increases the content of fiber, amino acid hydroxyisoleucine, and major alkaloid trigonelline; it also activates enzymes and enhances insulin secretion, improves insulin sensitivity of different tissues, and reduces insulin resistance 20 .
Other studies were conducted on patients hospitalized in the wards while our current study was conducted on patients admitted to the ICU. Indeed, stress levels are high among ICU patients and using high insulin dose can have prominent adverse effects. Our study showed that adjunct therapy of FS can increase the effectiveness of anti-hyperglycemic drugs and reduces the need for a high dose of insulin. Therefore, agents like FS are favorable to researchers as they have the ability to reduce insulin resistance 16 .
GIMM therapy produces short-chain fatty acids instead of lactic acid in the body which help reduce gastrointestinal complications that can arise from use of other drugs 17 . FS has been and is a common herbal medicine in the field of hyperglycemia regulation 18 .
As mentioned, FSs are known to have antioxidant, nutritive, hypoglycemic, hypocholesterolemic, and antidiabetic properties, and have traditionally been used as a galactagogue and/or to treat other conditions, including anorexia, fever gastritis, and gastric ulcers.
However, in this study, we demonstrate an alternative use of FS as a complementary approach for hyperglycemic management. Thus, FS may have a beneficial role, especially in stress-induced hyperglycemia.
The main limitations of the study herein are the low sample size, the lack of measurement of HbA1c levels and glucose-enhancing hormones (such as glucagon and hydrocortisol), and the mental and psychological problems of the patients (which were not evaluated).
CONCLUSIONS
The present study showed that when fenugreek seed powder is used as add-on therapy with other medications, it has a significant effect on glycemic profile and clinical outcomes of hyperglycemic patients. Therefore, we conclude that fenugreek seeds may be a promising additional therapy for the management of blood glucose levels in ICU patients with stressinduced hyperglycemia. As fenugreek seeds are inexpensive and abundant, their use in conventional doses should not bear adverse side effects in the treatment of hyperglycemia (the only absolute contraindication is during pregnancy).
